A survey of[H +), PC02, and P0 2 analyses in 360 laboratories was conducted using three commercial control materials: two aqueous gas-equilibrated buffer solutions (General Diagnostics and IL) and one whole blood material (DADE). There was little difference in precision or accuracy between instruments, classified according to manufacturer into four groups, and materials for [H +] and PC02, or in precision for P0 2. There were, however, differences in accuracy between instrument groups for P0 2 analysis on the aqueous materials, and in some cases the mean values lay outside the range assigned by the material manufacturers. The 35 instruments outside clinical chemistry departments yielded results similar to those of all participants. The relation between inter-and intra-laboratory precision was similar to that for many analytes, suggesting that neither these materials nor the state of these analyses is unsatisfactory. Aqueous materials should, however, be used with caution as accuracy controls for Po 2 •
Although most analyses performed in the ctinical chemistry laboratory are subjected to quality control procedures, this is rarely true with regard to the analyses of hydrogen ion concentration ([H +] ) , partial pressure of carbon dioxide (PC02), and partial pressure of oxygen (P02) in blood. This apparent lack of quality control procedures, despite the clinical importance of such measurements (Whitehead, 1975) , is probably a consequence of the lack of acceptable quality control materials and also because these analyses are sometimes performed in laboratories not directly associated with hospital clinical chemistry departments.
Recent between-laboratory comparisons have suggested that significant discrepancies can exist in the analysis of [H +], PC02, and P02 (Isherwood et al., 1972; Dowd and Jenkins, 1973; Weisbrot et al., 1974; Minty and Nunn, 1977) . The number of partieipating laboratories was small-no more than 16 in any of these surveys-and the organisers of the UK National Quality Control Scheme (NQCS; Whitehead et al., 1973) therefore decided to conduct a survey of [H +], PC02, and P02 measurement which would include a large number of instruments, both within and outside clinical chemistry departments.
Various approaches to the quality control of hy-drogen ion and blood gas analyses are currently in use. Whole blood tonometered with a carbon dioxide-oxygen-nitrogen gas mixture of known composition (Kenny et al., 1973) is generally agreed to be the most reliable procedure, but the preparation of samples requires skill, time, and access to a tonometer, and the resulting samples are stable for a maximum of one working day only. Another common approach is the analysis of capillary samples from normal volunteers (Whitehead and Morris, 1969) . This method, although convenient and inexpensive, is not very sensitive and, like tonometered samples, is not applicable to the control of out-ofhours analyses. A third approach is the use of commercial quality control materials which are suitable for the analyses of [H+] , PC02, and P02. Three such products are currently available commercially in the UK: two aqueous buffered materials and one whole blood material. These materials are convenient and always available but more expensive to use than tonometered or normal blood. The survey was designed to check the suitability of these materials for the control of accuracy and precision of [H +] and blood gas analyses; similar materials (nominally 'acidosis' controls) were distributed in order to facilitate comparison of the results. 
Design of the survey
Each participant in the NQCS and members of the Intensive Care Society in the UK were invited to take part in the survey. The 360 laboratories which provided details of their instrumentation were sent an ampoule of material on three separate occasions during 1978, together with the manufacturer's instructions on storage and presentation of the samples to the instrument.
The materials distributed were Blood GAS Control, Level I, Acidosis (General Diagnostics Division, William R. Warner Ltd, Eastleigh, Hants), IL Blood Gas Control, Acidosis Level (Instrumentation Laboratory (UK) Ltd, Altrincham, Cheshire), and Quantra Whole Blood Gas Control, Level 1-Acidosis (DADE Division, American Hospital Supply Corp, Didcot, Oxon). The General Diagnostics (Komjathy et al., 1976) and IL materials are aqueous gas-equilibrated solutions while the DADE material (Louderback et al., 1977) is a buffered, stabilised suspension of human blood cells. The instruments used by participants were classified according to manufacturer. Four classes were obtained in this way, representing Corning (Corning Medical, Corning Ltd, Halstead, Essex), Radiometer (Radiometer A/S, DK-2400 Copengahen NV, Denmark), IL (Instrumentation Laboratory (UK) Ltd, Altrincham, Cheshire), and AVL (AVL AG, Grabenstrasse I I, CH-8201 Schaffhausen, Switzerland) instruments.
Results
The results obtained by the participating laboratories for the General Diagnostics, IL, and DADE materials are shown in Tables I, 2 , and 3, respectively, together with the values assigned by the Table I Results obtained by participants for the General Diagnostics Blood GAS Control, classified according to instrument. and values assigned by the manufacturer Pc., (IPo) Po, (IPo) ,) ans 3·6 (4'4':',)
:'0 (4) l·41 :± 0·13 (5'6%) 130 (10) 19·7 ± 1·3 (6·6'.~;,) 81'6 :1·8 (4'6';;,) 145 (10)~·:i2 :± 0·23 (9'3'.\;,) 147 (7) 17·6 :i-1·5 (8'3~;,) rH+l ( 
Pcov (,Po) No. of results • Results lyin.~more than 2 51) from the mean W(''I"C excluded from the calculations.
t Target values were assigned using an IL 413 instrument. The ranges were assigned using' a var-iety of instruments from different manufacturers and the values obtained should the-refore fall within the stated r-anges in 95 1 }iJ of case-s. • Results lying more than 2 SU from the mean were excluded from the calculations.
t Target values were assigned using the instrument specified. The ranges represent variations which IIIay occur between laboratories due to differences in instrumentation and technique, and are wider than those to be expected with any one instrument.
manufacturers. The results for each material have been classified according to the instrument used; in the case of PC02, results were not included for instruments (eg, Radiometer AME and BMS systems) which do not incorporate a direct-reading electrode. Any results which lay more than two standard deviations (SD) from the mean were excluded, and the mean, SD,and coefficient ofvariation (CV) were recalculated. This procedure was utilised to exclude 'outlier' results which might otherwise have interfered with the statistical calculations. Results obtained using A VL instruments are not shown in the tables because there were only six participants using such instruments. The results obtained using instruments outside clinical chemistry departments (these include instruments in intensive therapy units and anaesthesia and lung function laboratories) are shown in Table 4 ; again, results which lay more than 2 SD from the mean were excluded from the calculation. Consideration of the results shown in Tables I to 3 reveals little difference in the accuracy or precision of hydrogen ion measurement on the three materials, with the possible exception of the General Diagnostics material with Corning instruments. The results of this survey do not substantiate the claim that quality control materials which lack protein may not detect analytical difficulties reportedly caused by protein contamination of the electrodes used in pH measurement (Adams et al., 1967; 1968; Whitehead, 1963) , because the between-laboratory precision observed for the protein-containing DADE material is no worse than that for the other materials.
It is difficult to compare the PC02 results for the IL material with those for the General Diagnostics and DADE materials because of the great difference in 
BI·4.1e 7·5 (9,3%) 2·43 ± 0·23 (9,6%) 19·40 ±. 1·60 (1I'3'}:,) 66 OL 2·3 (3'4':'~) 'l·74 .l 0·62 (6,3%) 1I·!llL ),94 (21,7%) ss-o ,I. 2·6 (3'9%) 1·9B ± 0·14 (7,4%) 20·3U ± 2·14 (10'5%) mean values. Results for the General Diagnostics and DADE materials are similar for the three instrument groups, although the results for the Radiometer instruments appear to be more precise, perhaps because this group consists of two very similar instruments only (ABLl and ABL2).
Because of the different mean P02 value for the IL material, a direct comparison between the three materials is again not possible. The results for the DADE and the General Diagnostics materials show similar precision; the mean value given by IL instruments for the General Diagnostics material is, however, significantly different from those for the other instrument groups. Evans (1978) also obtained significantly lower P02 values than the manufacturer's assigned value using an I L 313 instrument.
Substantial differences in accuracy of P02 measurement between the three instrument groups are evident for the IL material, and this disparity is extended by the mean of 12'5 kPa observed for the six A VL instruments. IL (UK) have commented on these results and suggest that the higher values found for the other instruments could be due to transfer of samples from the ampoule by means of a syringe into such instruments, whereas in IL instruments the sample is aspirated directly. This explanation, however, appears unlikely since the precision of results is similar for all instruments and materials studied; if contamination with oxygen occurred during the transfer, the between-laboratory precision observed would be expected to be inferior. The values assigned by the manufacturer for the lL material (Table 2) were obtained only by laboratories using IL instruments. The product insert for this material states that the value was assigned using an IL 413 instrument but that the ranges within which each measured value should fall were assigned to the material after extensive study with a variety of instruments produced by different manufacturers.
The results from the instruments used outside clinical chemistry laboratories (shown in Table 4 ) were not classified according to instrument because of the small number (35) of such participants. These results are similar to those obtained for all participants, shown in Tables I to 3, confirming the observation of Minty and Nunn (1977) that instruments used outside clinical chemistry laboratories do not exhibit worse performance than those in departments of clinical chemistry. It must be realised, however, that laboratories participated voluntarily in these surveys, and those laboratories with a greater awareness of quality control and desire to check the comparability of their results would therefore tend to be selected preferentially.
Conclusions
The results of this survey represent the betweenlaboratory variation due to both instruments and material. The CVs observed for [H+], PC02, and P02 are approximately double those reported in withinlaboratory trials using similar materials assayed over several weeks on one instrument (Evans, 1978; Minty and Nunn, 1977) . This difference between within-laboratory precision and total betweenlaboratory, between-instrument precision is similar to that observed for many other analytes (Whitehead et al., 1973) and suggests that neither the materials used in this study nor the present state of [H +] and blood gas analysis is poor with regard to precision. The aqueous buffer materials should, however, be used only with caution as accuracy controls for P02 determination.
